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HKai-nSqUENCY  OSCILLATIONS  IN  A  LOW.^FR£SSORS  DISCHARGK 


I.  A.  Savefaenko  and  A.  A.  ZaytsaT 

Slaatron  plaaoa  oaoillatloas  were  InTeatigated.  The  plaama  was 
generated  and  controlled  ^  an  electron  beam.  The  reaulta  of  the 
inreatigation  ahow  that  the  character  of  the  obaarrable  oaellla> 
tlona  aererely  rary  on  the  plaama  boundariea. 

Introduction 

High- frequency  electron  plaama  oaelllatloaa  hare  been  atudled  by  many  authora 
[1-llJ*  Intereat  in  the  atudy  of  plaama  oacillationa  waa  to  a  conaiderable  extent 
eroked  by  the  problem  of  abnormal  electron  acatterlng  in  plaama  4J.  Plaaam 
oacillationa  are  alwaya  preaent  in  a  gaa  diacharge,  and  knowledge  of  the  maehan- 
iam  of  their  origination  can  aerre  aa  a  key  to  underatanding  many  phenomena  taking 
place  in  plaama* 

It  ia  now  known  that  electron  oacillationa  are  alao  encountered  in  electronic 
inatrumenta,  creating  exceaa  interference  in  them.  It  ia  alao  auggeated  that  the 
radio  eadaaiona  of  the  aun  and  atara  can  be  explained  by  plaama  oacillationa. 

Sxperiamntal  atudiea  of  eleetron  plaama  oacillationa  can  be  dirided  into  two 
groupa  baaed  on  the  method  of  InTeatigetion*  In  the  firat  group  are  the  atudiea 
{1-6]  in  which  the  plaama  ia  generated  and  controlled  by  an  electron  beam.  In  the 
aecond  group  are  the  later  atudiea  [8-11]  in  which  a  monoenergetie  beam  of  electrona 
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itM  iBjtetad  into  an  Indapendantly  generatad  plaana. 

Marrill  and  Wabb  [4J  raraalad  that  tha  dlatrlbutlon  of  aeattaring  ragiona  of 
the  alaetron  beam  baa  a  parlodie  eharaetar  and  tbaaa  aeattaring  ragiona  are  aaaoe- 
iatad  with  tha  excitation  ragiona  of  atrong  alaetron  oaelllationa. 

Tha  raaulta  of  hmrrill  and  Webb 'a  axparimants  vara  theoratleally  azaninad  by 
ViaaoT  [12j  and  Bohn  and  Groaa  [15J*  Tha  authora  propoaa  that  tha  totality  of  tha 
phanonana  dataetad  by  Marrill  and  Wabb  la  explained  by  phaaa  foeualng  of  tha  alae* 
tron  baaiD  producing  a  iraloelty  modulation  aa  the  alaetrona  paaa  through  a  fluctuat¬ 
ing  double  layer  at  tha  plaama  boundary. 

HowaTar,  theaa  thaorlaa  operate  with  a  aami-boundad  plaama  and  eonaidar  only 
tha  affaeta  on  the  boundary  of  the  Injection  of  the  beam  Into  tha  plaama. 

In  the  praaant  work  wa  axperlmantally  InTaatigatad  tha  affect  of  plaama  bound- 
arlaa  on  tha  excitation  eondltlona  and  dlatrlbutlon  of  tha  a  trangth  of  tha  alaetron 
oaelllationa  of  tha  plaama. 


In  the  praaant  work  wa  atudlad  oaelllationa  in  a  low-praaaura  dlaebarge  with 
an  incaidaaeant  cathode.  Wa  uaad  a  flat^ Indirectly  heated  oxide  cathode  with  a 
diameter  of  5  amu  The  dlaebarge  Taaaal  waa  a  cylindrical  tuba  63  mm  in  diameter. 
The  diaeharga  burned  in  hr  at  praaauraa  of  4*10  m*  The  alaetrona  amlttad  from  the 
anode  ware  accalaratad  by  tha  cathode  drop. 
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Fig.  1.  Block  diagram  of  meaauring  daTiea. 


In  addition  to  the  cathode,  the  dlaebarge  tuba  contained  two  more  alaetrodaai 
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a  BQTabl*  alaatrod*  oppoalt*  the  eathoda  axid  a  aide  elaetroda.  Tha  norabla  alae- 
troda  eould  ba  uaad  aa  an  anoda  or  aa  an  alaetron  raflaetor.  In  ttaa  aaoond  oaaa 
tba  diaeharga  vaa  ignitad  by  faading  a  roltaga  batvaan  tha  eathoda  and  alda  alae- 
troda. 

Tba  indloator  of  oaolllationa  waa  a  oyllndrioal  probe  with  a  dlajMtar  of  0,08 
am  with  an  unglazad  part  3  aim  long.  Tba  proba  oould  ba  inorad  along  tha  axia  of 
tha  tuba  between  the  anoda»eathoda  interspace  or  between  that  of  the  eathoda«reflee> 
tor;  its  position  waa  noted  within  an  accuracy  to  0.2  am.  When  the  probe  au>Ted 
inside  the  beam  we  noticed  an  excitation  of  the  beam  by  the  probe,  and  the  measure* 
BMnts  ware  not  free  from  distortions  because  of  this  (see  [3J)«  Therefore,  in  our 
aMSSureawnts  the  probe  only  toiwhad  the  beams  this  was  achiered  by  turning  the 
slide  on  which  the  cathode  was  aoounted  with  a  saoall  assyaaatry.  With  this  position 
of  the  probe  its  affect  on  the  walue  and  distribution  of  the  oseilJation  intansi^ 
ia  alamst  aliadnatad. 

OaeiUations  ware  detected  by  means  of  a  superheterodyne  circuit  connected 
with  tha  probe  through  tba  capacitor  (lig.  l).  Tba  intansadiate  fraquaney  was  30 
Mo,  the  amplifier  pass  band  of  tha  intarmadiata  frequency  was  1C  Me. 

Effect  Dinharg*  Oscillations 

Tha  primary  alaetrons  ajacting  from  the  cathode  surface  as  a  parallel  beam, 
as  a  rule,  undergo  angular  scattarixig  6*10  am  from  the  cathode.  Tba  follotring 
discharge  abapa  can  be  obserred  depending  on  the  pressure. 

1.  At  gas  pressures  of  the  order  of  10  a  and  a  discharge  currant  of  sararal 
tans  of  milliaoparas,  the  parallel  beam  of  alaetrons  abruptly  soattarad  (Fig.  2a). 
Whan  tha  prsssura  drops  a  soda  ia  forsmd  (Fig.  2b)  which  bacomas  all  tba  more 
noticeable  as  the  pressure  continues  to  drop.  Wa  oould  obsarra  only  eonvaratiTSly 
weak  cacillations  in  tbssa  oases. 

2.  ConTargenca  of  the  bean  into  a  node  continuad  at  a  pressure  of  7  n* 
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Se«tt«rlBg  arisM  aftar  ooaTargaaaai  tba  intanaity  of  tha  oaoillationa  inoraaaad 
notloaably* 

3.  At  a  preaaure  of  5  M  a  aharp  ooda  la  foxmad  about  6  an  from  the  eathoda, 
aeatteriag  alao  ooeura  after  the  node  forma.  The  oaolllatlon  intenalty  inoreaaea 
by  about  ten  timea  in  oompariaon  with  oaae  2  (Fig.  2e).  Oaoillationa  were  aeeoB- 
panied  by  radiation. 

4.  A  drop  in  preasure  below  formation  of  a  uniformly  direrg* 

ing  beam  (lig.  2d).  Oaoillationa  were  not  deteoted  with  auoh  a  diaoharge  ahapa. 


e  d 

fig.  2. 
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of  tha  Oacillation  lafMlty  Aloiu  thm  ^ 
fint  St.  a  PlAohTg*  Batwn  tto  C«ttiod«  and  Mot»bl«  Anodt 


Th*  zwsults  of  studying  the  distribution  of  tbs  Intsosity  of  oseillations  are 
shown  in  Fig.  3.  The  oscillation  intensity  is  plotted  along  the  ordinates,  tbs 
distance  of  the  probe  fron  the  cathode  on  the  abscissa.  The  graphs  of  Fig.  3a,  b, 
c  were  obtained  for  three  different  eathode*anode  distances.  We  note  that  the 
distribution  of  oscillation  intensity  at  anode  cathode  distances  swsller  than  26  tm 
baa  a  sharply  expressed  periodic  character.  The  distance  between  the  maxioa  of  the 
eurres  is  about  3.5  ‘^t  larger  distances  ^  the  eurre  monotonieslly  ixioreasea 

and  passes  through  the  mextssini  in  the  plaaaa  region  at  a  distance  of  20  bb  from 
the  cathode. 

Zt  is  necessary  to  note  that  in  the  ease  of  small  anode«eathode  distances, 
stronger  oscillations  are  obserred.  The  maximum  on  the  curve  of  Fig.  3c  is  at  a 
smaller  distance  from  the  cathode  than  the  gas*kinetie  mean  free  path  for  electrons 
(in  this  case  X^3  on)* 

The  formation  of  a  periodic  distribution  at  small  anode-oathods  distances  is 
the  consequence  of  the  effect  of  the  plasma  boundcuries.  We  can  assume  thst  the 
electrons  reflected  from  the  anode  surface  generate  a  feedback,  thanks  to  which 
the  formation  of  a  standing  wave  and  an  amplification  of  the  oscillations  becosie 
possible. 

To  check  this  assumption,  a  grid  having  a  separate  lead*out  was  placed  in  one 
of  the  tubes  2  ami  in  front  of  the  anode.  Curve  £  in  Fig.  4  corresponde  to  the 
ease  where  the  grid  is  connected  with  the  snode.  Feed  of  a  negative  potential 
relative  to  the  anode  30  v)  to  the  grid  daapens  the  oecillations  and  simul* 
tsneously  smooths  out  the  curve  (curve  b). 
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Fig.  DistrlbutloD  of  the  oaeillatioaa  intan* 
aity  along  tba  baam  at  dlffarant  diataneaa  (d) 
trtm  tha  oatboda  to  the  anoda*  Praaaura  3  M  i  our* 
rant  6l  na|  roltai^  of  tba  diaebarga  burning  44  t, 
oaelllatlon  fraquanay  1030  Met 

a)  d  a  19  b)  d  s  26  ani  e)  d  «  40  on. 


Fig.  4.  Faw  aleotrona  of  tba  primary 
beam  impinge  on  an  anoda  located  at  a 
great  diatanoa  from  tba  oatboda,  and 
tbe  number  of  reflaotad  aleotrona  ia 
inauffielent  to  generate  an  affioiant 
feedback.  Tbia  ean  explain  tba  amootb 
abapa  of  tbe  ourra  of  tba  diatributioB 
of  oaeillation  intanaity  abow  ia 
Fig.  ie. 
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Eff—t  Qf  A  H«fl«etor  on  fi£  Dintribution 

^  0»o illation  Intonnity 


Vhan  the  moyablo  •loetrod*  in  under  •  negetlre  potential  relatlre  to  the  eath- 
ode,  the  eleetrona  are  repulaed  baekward  into  the  plaama  by  the  braking  field 
created  near  the  reflector.  Conaequently,  feedback  can  be  realized  by  reflected 
eleetrona.  Actually,  the  curres  of  fig.  5  clearly  ahow  the  periodicity  in  the 
diatribution  of  the  intenaity  of  oacillationa  when  the  reflfctor  la  27  am  from  the 
cathode.  Tbeae  cureae  were  obtained  at  different  raluea  of  the  negatire  potential 
of  the  reflector  relative  to  the  cathode  (the  aame  magnltudea  are  laid  out  along 
the  coordinates  aa  in  Fig.  3).  Aa  the  distance  of  the  reflector  from  the  cathode 
increaaea,  its  effect  on  the  character  of  oacillationa  gradually  deeraaaea  and 
in  the  end  disappeara. 


n*.  5.  Effect  of  reflector  potential  on  the  picture  of  the  distribution  of  tha 
oaeillstion  intenaity.  Pressure  3  current  38  ma,  voltage  of  discharge  burning 
38  V,  oscillation  frequency  I030  ^klt 

a)  floating  reflectori  b)  reflector  potential,  iO  v  relative  to  the  cathode; 
c)  reflector  potential,  13  ▼  relative  to  the  cathode. 
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Ration  of  tho  SL 


To  establiah  tbe  rogion  of  gonerotion  of  oselllation,  tb«  intoaaity  of  OMil- 
latioiM  was  inaaaurad  while  Taryiag  the  diatanea  of  tba  anoda  from  tha  eathoda* 

Ttaa  dlaeharga  eurrent  waa  leapt  ooaatant. 

It  waa  roTealad  that  oaeillationa  axiat  at  all  diataneaa  whan  there  la  a 
beam  node  in  tha  diaobarge.  In  theae  eaaea  the  oaeillatlon  intenaity  inereaaad 
bayond  the  node  towarda  the  anode.  If  the  diaeharge  apaee  ia  limited  by  a  email 
anode-oathode  diatanee,  tba  beam  doea  not  eonverge  into  a  node  and  oaeillationa 
do  not  ariae.  aa  ean  eonolude  from  thia  that  the  region  of  generating  atrong 
'oaeillationa  ia  loealized  in  tbe  node  zona. 

The  eonditiona  for  the  deTelopotent  of  plaama  warea  for  the  eaae  of  an  unbounded 
plaame  are  eonaidered  in  the  theory  of  Bohm  and  Groaa  [13J  and  in  a  number  of  other 
atudiea  [12,  14*l6J.  Ezeitation  of  the  ware  takea  plaee  owing  to  the  interaetion 
of  plaama  oaeillationa  with  the  beam  eleetrona,  aa  a  reault  of  wbieh  the  energy  of 
the  direetfd  eleetrona  ia  tranamitted  to  tbe  wave.  We  ean  aaauam  that  the  inten¬ 
aity  of  tbe  ezeited  ware  will  iaureaae  until  diaaipation  of  energy  ezeeeda  the 
energy  eoaiing  from  the  beam.  Therefore,  tbe  intenaity  of  tbe  ware  ean  inereaae  up 
to  a  eertain  ralue  in  tba  diraetion  of  the  priu^ry  beam,  and  then  it  ahould  drop. 

The  eonditiona  of  the  experimenta  deaeribed  with  large  plaama  dimenaiona  (large 
diataneaa  of  the  anode  or  refleetor  from  tbe  eatbode)  ahould  bo  oloae  to  tbe  prem- 
iaaa  of  tha  theory.  On  tbe  baaia  of  thia  we  ean  eonaider  that  the  oharaeter  of 
the  oaeillationa  inToatigated  in  tbe  preaent  ezperimenta  under  theae  eonditiona 
agree  with  tbe  antieipatad  ebaraeter  from  tbe  theory  of  plaama  warea  in  an  unbounded 
plaama. 

Regarding  tha  apoeial  featurea  of  oaeillationa  in  a  plaama  bounded  by  a  earn* 
paratirely  eloao  plaeement  of  tbe  eleetrodoa,  they  ean  be  deaeribed  on  tbe  baaia 
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of  thoorlM  [12-16J,  •ioeo  thoso  featuroa  undoubtadly  re fleet  phenomena 

taking  place  at  the  boundary. 
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